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FITTING FOR METAL PIPE AND TUBING 

Background of Invention 

[0001] jhe subject invention is generally directed to the art of 

fittings for stainless steel pipe and tube. More particularly, 
the invention is directed to flareless fittings that include a 
steep angle camming surface and/or geometry and prop- 
erties of the material of the tube gripping device, such as 
a ferrule or tube gripping ring. 

[0002] T U b e fittings are used to join or connect a tube end to an- 
other member, whether that other member be another 
tube end such as through T-fittings and elbow fittings, for 
example, or a device that needs to be in fluid communica- 
tion with the tube end, such as for example, a valve. Usu- 
ally a stainless steel tube fitting is first assembled in a "fin- 
ger tight" condition and then a wrench or other suitable 
tool is used to tighten or "pull up" the fitting to its final 
initial and complete assembled condition. The pull up 
mechanism most commonly used is a threaded connec- 
tion of a female threaded nut component and a male 



threaded body component, with a tube gripping device 
being acted upon by these two components as they are 
threaded and tightened together. 

[0003] | n accordance with the present invention, a tube fitting 
uses a clamped coupling rather than a threaded coupling. 
The clamped coupling may be of the type known as a 
bolted split clamp assembly, including a clamp ring for 
exerting an axially directed clamping force. The clamp 
ring engages clamping ears on the body and on an end 
piece of the fitting, to make-up the fitting. 

[0004] | n order to achieve an adequate tube grip on stainless 
steel tubing, single ferrule stainless steel tube fittings 
have historically used a rather shallow camming angle of 
between ten and twenty degrees for example, twelve de- 
grees. A shallow camming angle, however, compromises 
the ability to achieve the seal function, especially in ex- 
treme environments and for sealing gas. In accordance 
with the present invention, therefore, a steep camming 
angle of forty five degrees may be used. 

[0005] These and other aspects and advantages of the present 
invention will be apparent to those skilled in the art from 
the following description of the preferred embodiments in 
view of the accompanying drawings. 



Brief Description of Drawings 

[0006] The invention may take physical form in certain parts and 
arrangements of parts, preferred embodiments and a 
method of which will be described in detail in this specifi- 
cation and illustrated in the accompanying drawings which 
form a part hereof, and wherein: 

[0007] FIG. 1 illustrates in half longitudinal cross-section a first 
embodiment of a tube fitting in accordance with the in- 
vention in a finger tight position; 

[0008] FIG. 2 illustrates the embodiment of FIG. 1 in a pulled up 
position; 

[0009] FIGS. 3 and 4 illustrate an integral nut and tube gripping 
device, and a body, in accordance with the invention; 

[0010] FIGS. 5 and 6 illustrate another aspect of the invention 
with a self-gauging feature, and with the fitting shown in 
the finger-tight and pulled-up positions respectively; 

[0011] FIGS. 7, 7A and 8 illustrate half longitudinal cross-section 
views of single ferrule and camming surface of a single 
- fe rr ule -tube fitting in accordance with the invention in a 
finger tight position and pulled-up position respectively; 

[0012] FiGS. 9-12 illustrate additional geometry examples for a 
-tube gripping ring integral with the nut; 

[0013] FIG. 13 is another embodiment of the invention for a sin- 



gle ferrule tube fitting; 

[0014] pic. 13A is an enlarged view of a portion of the fitting of 
Fig. 13 to illustrate a difference angle concept; 

[0015] FIG. 14 illustrates the fitting of FIG. 13 in a pull-up condi- 
tion; 

[0016] FIGS. 15A, B and C illustrate different thread options for 
the tube fitting components for a threaded coupling em- 
bodiment of the invention. 

[0017] FIGS. 16 and 17 illustrate a further embodiment of the in- 
vention that includes a clamped tube fitting; and 

[0018] FIG. 18 illustrates another embodiment of a clamped tube 

fitting in accordance with the invention. 
Detailed Description 

[0019] | n accordance then with one aspect of the invention, a 

tube fitting is provided having a tube gripping device that 
acts against a steep camming angle surface of one of the 
fitting components. The steep camming surface angle is 
particularly advantageous when the hardness of the tube 
gripping device has a ratio of at least about 3.3 times and 
preferably at least 4 times on the Vickers scale the hard- 
ness of the tubing material. The present disclosure uti- 
lizes these aspects of the invention in two distinct general 
embodiments. The first general embodiment that will be 



described is a tube fitting arrangement in which a tube 
gripping device is provided that is integral with one of the 
two threaded components, namely the female threaded 
nut component. The second general embodiment is that 
of a tube fitting for stainless steel tubing that uses a sep- 
arate single ferrule as the tube gripping device along with 
the male and female threaded components. Both general 
embodiments may share a number of common aspects of 
the invention many of which are optional alternatives that 
can be used in a variety of combinations and sub- 
combinations, such as the camming surface profile, the 
camming surface angle, geometry options of the tube 
gripping device, and hardness characteristics of the tube 
gripping device relative to the tubing material. 
[0020] Although a number of aspects of the invention are de- 
scribed herein as being incorporated into the exemplary 
embodiments, such description should not be construed 
in a limiting sense. For any particular application the vari- 
ous aspects of the invention may be used as required in 
different combinations and sub-combinations thereof. 
Furthermore, although the present disclosure describes 
and/or illustrates a number of design choices and alterna- 
tive embodiments, such descriptions are not intended to 



be and should not be construed as an exhaustive list of 
such choices and alternatives. Those skilled in the art will 
readily appreciate and understand additional alternatives 
and design choices that are within the spirit and scope of 
the invention. 

[0021] Although the various embodiments are described herein 
with specific reference to the fitting components being 
made of stainless steel, and in particular 316 stainless 
steel, such description is intended to be exemplary in na- 
ture and should not be construed in a limiting sense. 
Those skilled in the art will readily appreciate that the in- 
vention may be realized using any number of different 
types of metal materials for the fitting components, as 
well as metal tubing and pipe materials, including but not 
limited to 316, 316L, 304, 304L, any austenitic or ferritic 
stainless steel, any duplex stainless steel, any nickel alloy 
such as HASTALLOY, INCONEL or MONEL, any precipitation 
hardened stainless steel such as 17-4PH for example, 
brass, copper alloys, any carbon or low alloy steel such as 
1018 steel for example, and any leaded, re-phosphorized 
or re-sulphurized steel such as 12L14 steel for example. 
An important aspect of the choice of materials is that the 
tube gripping device preferably should be case or through 



hardened to a ratio of at least about 3.3 and preferably 4 
or more times on the Vickers scale the hardness of the 
hardest tubing material that the fitting will be used with. 
Therefore, the tube gripping device need not be made of 
the same material as the tubing itself. For example, as will 
be discussed hereinbelow, the tube gripping device may 
be selected from the stainless steel materials noted above, 
or other suitable materials that can be case hardened, 
such as magnesium, titanium and aluminum, to name 
some additional examples. While the invention is de- 
scribed herein with particular reference to a fitting for 
tube, use of the word "tube" herein should not be con- 
strued in a limiting sense, but rather it is intended that 
tube and pipe are used interchangeably as a general ref- 
erence to metal conduits and that the invention covers 
both. 

[0022] with reference to FIG. 1, the present invention contem- 
plates a tube fitting 50 in which there are only two dis- 
crete components, namely a female threaded nut 52 and a 
male threaded body 54. The nut 52 is substantially differ- 
ent from the typical nut used in a prior art ferrule type 
tube fitting for metal tubing. The body 54 may be the 
similar in design as a typical body used in prior fittings, 



however, as will be explained further herein, it is pre- 
ferred but not necessary that the body 54 also be opti- 
mized for proper make-up with the new nut 52. Addition- 
ally, the body 54 need not be a discretely separate com- 
ponent but may be attached to or otherwise integral to 
another part such as a valve body, manifold or other com- 
ponents for example. 

[0023] Note that in the drawings the fittings are illustrated in 
longitudinal cross-section but only half of the section is 
illustrated, it being understood that the other half is iden- 
tical and omitted for clarity and ease of illustration. In all 
of the illustrations herein, various gaps and dimensions 
are somewhat exaggerated for ease of illustration. 

[0024] jhe body 54 is a generally cylindrical main body 56 that 
has an integral extension or end 56a. The end extension 
56a may be a hex body, for example, or part of another 
component such as for example a valve body as noted 
hereinabove. The main body 56 may be machined from 
the same stock as the end extension 56a or may be oth- 
erwise attached such as by welding or other suitable tech- 
nique. The body 56 includes a first central longitudinal 
bore 58 that is appropriately sized to closely and slidably 
receive a tube end 13. The first bore 58 is somewhat 



larger in diameter than a coaxial second bore 59 that ex- 
tends through the end extension 56a of the body 54. Of 
course, if the fitting 50 is a closed end connection, the in- 
ner bore 59 would not be a through bore. 
[0025] The tube end 13 preferably bottoms against a counter- 
bore 60. The body 56 is machined or otherwise formed 
with external male threads 62 that threadably mate with 
corresponding female threads 64 formed or machined in 
the nut 52. It is contemplated that in order to avoid inad- 
vertent mixing of old and new style body and nut parts 
with prior art fitting components, that the thread pitch on 
the nut and body of the present invention may be sub- 
stantially different from the thread pitch values of prior 
art ferrule-type tube fitting nuts and bodies. This will 
avoid interchange problems and also allows for a course 
pitch that provides high axial stroke with reduced nut ro- 
tation for complete pull-up. For example, a fitting that in- 
corporates the present invention may use course pitch 
threads that provide sufficient axial displacement to 
achieve proper pull-up in a half turn. A typical prior art 
fitting by comparison is pulled-up with 1 1/4 to 1 1/2 
turns. Nothing however prevents the designer from mak- 
ing the thread pitch any value suitable to a particular ap- 



plication, as there are other techniques to avoid inter- 
change issues. Therefore, the one-half turn for pull-up is 
just one example of a variety of design choices available. 
[0026] The central body bore 58 is preferably although not nec- 
essarily formed with a slight radially inward taper a rela- 
tive to the longitudinal axis X (FIG. 1) of the tube end 13 
such that the diameter of the bore 58 decreases radially in 
the axial direction towards the counterbore 60. For exam- 
ple, this taper may be about 2 degrees to about 4 de- 
grees, although the selected angle is not particularly criti- 
cal. The bore 58 diameter at the counterbore shoulder is 
just slightly less than the outer diameter of the tube end 
13. In this manner, the tube end 13 has a slight radial in- 
terference fit of a few thousandths of an inch for example 
with the bore 58. This interference between the bore 58 
and the tube end 13 provides an anti-rotation action to 
help prevent the tube end 13 from rotating during pull- 
up. This also reduces residual torsion stress that may be 
induced into the tube end due to rotation of the tube 
gripping element (80) during pull-up. The tube end 13 
does not necessarily have to bottom completely against 
the counterbore shoulder 60. This is because the interfer- 
ence fit helps provide a good primary seal between the 



bore 58 and the tube end 13. The interference fit also 
helps improve the tube grip by the tube gripping element 
(80) by axially holding the tube end stationary during 
pull-up so that the full axial displacement of the tube 
gripping element (80) is used for proper deformation and 
tube grip rather than any lost axial motion or movement 
of the tube end during tightening. The taper of the bore 
58 may extend gradually along its entire axial length or a 
shorter axial portion adjacent the counterbore 60. 
[0027] | n t he embodiment of FIGS. 1 and 2, the nut 52 and body 
54 are axially dimensioned so that upon proper pull-up, 
for example a one- half-turn of the nut 52 relative to the 
body 54, a forward end 66 of the nut axially contacts an 
end shoulder 68 or other axial stop surface of the body 
54. This feature thus incorporates a self-gauging aspect 
to the fitting 50 to thereby indicate sufficient pull-up and 
to prevent over-tightening of the nut 52. However, for 
those situations where it may be desirable to permit addi- 
tional axial displacement of the nut 52 relative to the 
body 54, such as for example, remakes of the fitting 50, 
the nut 52 and the body 54 may be axially dimensioned to 
retain an axial gap therebetween (for example, between 
the respective ends 66 and 68) upon completing an initial 



proper pull-up. In the latter case, a gauging tool may be 
used to verify proper initial pull-up, such as for example, 
a gap measuring device to confirm that the axial gap be- 
tween the surface 66 and 68 does not exceed a predeter- 
mined value or dimension. The stop feature may also be 
used to implement a limited number of remakes for the 
fitting 50. 

[0028] with reference also to FIG. 3, the nut 52 includes a first 
central bore 70 having a first diameter Dl relative to the 
longitudinal axis of the fitting 50. The nut 52 also in- 
cludes a second bore 72 having a second diameter D2 rel- 
ative to the central longitudinal axis of the fitting 50. In 
this embodiment, the diameter D2 is less than the diame- 
ter Dl. Furthermore, the diameter D2 is sized so that the 
bore 72 defines a generally cylindrical wall that receives 
the tube end 13 (FIG. 1). The first bore 70 terminates at a 
location that is axial ly spaced from the nut back end 74 to 
form a trepan 75, such that the nut 52 includes a radially 
inwardly extending collar 76. The collar 76 is defined by 
the back end wall 74 of the nut 52, the smaller diameter 
bore 72 and the larger diameter bore 70. 

[0029] | n accordance with a significant aspect of the invention, 
the nut 52 includes a tube gripping device 80 that ex- 



tends axially inwardly in a somewhat cantilevered fashion 
from the collar 76. The tube gripping device in this exam- 
ple is in the general form of a gripping ring 80 and in- 
cludes an inner bore 82 that defines a substantially cylin- 
drical wall that closely receives the tube end 13 (FIG. 1). 
The diameter D3 of the ring bore 82 may be the same as 
or different from the diameter of the second nut bore 72. 
The cylindrical wall that defines the gripping ring bore 82 
extends axially from a tapered front or nose portion 84 of 
the gripping ring 80. The nose portion 84 includes an axi- 
ally tapered outer surface 86 that increases in the radial 
dimension towards the back end of the ring 80. The ta- 
pered outer surface 86 extends from a generally radial 
front end 85 of the gripping device 80. This generally ra- 
dial front end 85 may have a small angle or taper and 
joins to the inner cylindrical bore 82 at a preferably sharp 
corner 87. Alternatively, however, there may be provided a 
circumferential recess or step or notch or other geometry 
(not shown) in the front end of the ring 80 having a diam- 
eter that is somewhat larger than the diameter D3 and ax- 
ially extending from the front end 85 towards the back 
end 74 of the nut 52. 
[0030] The tapered surface 86 joins the front end 85 preferably 



by a radius portion 89 and at its axial opposite end by a 
radius 86a to a generally cylindrical portion 91, which in 
turn joins via a radius 93 to a tapered outer wall portion 
95. The tapered outer wall portion 95 joins along a radius 
to the trepan 75. 
[0031] it is noted at this point that the various geometry charac- 
teristics of the tube gripping device 80 (such as, for ex- 
ample, the various recesses, notches, tapered portions, 
radius portions and so on) are selected so as to effect an 
appropriate radially inward hinging action as will be fur- 
ther explained hereinafter. Accordingly, the geometry of a 
tube gripping device 80 will be determined by the charac- 
teristics of the material of the tubing such as hardness 
and the fitting components, the dimensions of the tubing 
and the required tube grip and seal performance needed 
for a particular application. Therefore, the specific em- 
bodiments illustrated herein are intended to be exemplary 
in nature and not limiting as to the geometry of the tube 
gripping device. By way of example, but without intending 
to be limiting, FIGS. 9-12 illustrate other geometry varia- 
tions for the tube gripping device. The above referenced 
patents for the two ferrule fitting also illustrate additional 
geometry variations to facilitate the hinging effect to ob- 



tain a desired tube grip. 
[0032] with reference to FIGS. 1, 2 and 4, the tapered nose por- 
tion 84 initially engages an axially tapered camming sur- 
face 88 that forms an opening to the tube bore 58 in the 
main body 56. The tapered camming surface 88 is a sur- 
face that joins the bore 58 wall to the back end wall 90 of 
the body 54. In the embodiment of FIGS. 1 and 2, this 
camming surface 88 is characterized by a generally con- 
vex contour. However, the shape of the surface 88 may be 
selected for other shapes depending on the particular ring 
deformation and tube gripping characteristics required for 
the fitting 50 in a specific application. Thus, as illustrated 
in FIG. 4, the camming surface 88' may be of a frusto- 
conical shape for example. Note also that FIG. 4 illustrates 
the concept that the axially tapered tube bore 58 may be 
tapered only at an axially shorter portion adjacent the 
counterbore 60. 

[0033] jj^ gripping ring 80 is shaped to effect several im- 
portant functions of the fitting 50. The gripping ring 80 
must,-upon proper pull-up, provide a fluid-tight primary 
seal against the tapered camming surface 88. This seal 
may be a primary outer seal for the tube fitting 50, or may 
be in effect a secondary or back-up seal to any seal 



formed between the tube end 13 and the body 54, for ex- 
ample along the bore wall 58 and/or the counterbore 60. 
The gripping ring 80 also will form a primary seal at the 
location where the ring 80 bites into the outer surface of 
the tube end 13 in the area where the cylindrical bore 82 
of the ring 80 engages the tube end outer surface. Again, 
this primary seal may in effect be a back-up or secondary 
seal to any seal formed by the tube end 13 against the 
body 54. In any event, the gripping ring 80 must form 
primary seals against the camming surface 88 and the 
outer surface of the tube end 13. in addition, the ring 80 
must adequately grip the tube end 13 so as to maintain 
seal integrity under pressure, temperature and vibration 
effects, and to prevent the tube end from separating from 
the fitting under such circumstances. 
[0034] | n order to achieve a fluid-tight seal and tube gripping ac- 
tion, the ring 80 is designed to be plastically deformed 
and swaged into the tube end upon pull-up, as illustrated 
in FIG. 2. This result is achieved by designing the ring 80 
to have a hinging action whereby the tapered nose portion 
84 is not only driven axially forward as the nut 52 is 
threaded onto the body 54, but also is radially displaced 
or driven into engagement with the outer surface of the 



tube end 13 wall. The forward end 92 of the nose portion 
84 is thus compressed and embedded into the tubing wall 
with a resultant stress riser or bite in the region desig- 
nated 94 in FIG. 2. The front end bite 94 produces a gen- 
erally radially extending wall or shoulder 99 formed out of 
the plastically deformed tube end material. The shoulder 
99 engages the embedded front end of the gripping ring 
80 to thus form an exceptionally strong mechanical resis- 
tance to tube blow out at higher pressures. The embed- 
ded nose portion 92 thus provides both an excellent seal 
and a strong grip on the tube end 13. The ring 80 is fur- 
ther designed to exhibit the aforementioned radially in- 
ward hinging action so as to swage or collet the cylindrical 
wall 82 against the tube end at a location axially adjacent 
or rearward of the stress riser bite 94 and generally des- 
ignated with the numeral 96. This swaging and collet ef- 
fect substantially enhances the tube gripping function and 
serves to isolate the embedded nose portion and bite 94 
from the effects of down tube vibration and also tempera- 
ture changes. 

[0035] Although the present invention is described herein in the 
various embodiments as effecting an embedded nose por- 
tion and attendant swaging action, those skilled in the art 



will appreciate that in some applications such rigorous 
design criteria may not always be required, particularly for 
fittings that will be exposed to moderate temperature, vi- 
bration and pressure effects. Therefore, one of the basic 
concepts of the present invention is the provision of a 
flareless tube fitting that does not use one or more fer- 
rules, but rather uses a tube gripping ring that is integral 
with one of the threaded fitting components. The addi- 
tional design aspects of the nut, body and gripping ring 
set forth herein as preferred embodiments should there- 
fore not be construed in a limiting sense but rather as se- 
lectable enhancements of the basic concepts of the inven- 
tion to be used as required for particular applications. 
[0036] | n order to achieve the desired swaging action and tube 
grip, the ring 80 is designed to exhibit the hinging action 
that allows the tapered nose portion 84 and the central or 
mid-portion (as at the region of the cylindrical bore 82 or 
the region designated 94) of the gripping ring 80 to be 
radially inwardly compressed as it engages with the ta- 
pered camming mouth 88 of the body 56. This hinging 
action is also used to provide a significant radial displace- 
ment and compression of the cylindrical wall 82 to swage 
the ring 80 onto the tube end 13 axially adjacent to the 



stress riser 94. In the embodiment of FIGS. 1-4, the hing- 
ing action is facilitated by providing a preferred although 
not uniformly required radial inner circumferential notch 
98 that is axially positioned between the cylindrical por- 
tions 72 and 82. The notch 98 is suitably shaped to per- 
mit the ring 80 to plastically deform and collapse in a 
controlled manner so as to radially compress the cylindri- 
cal wall 82 against the tube end with the desired collet ef- 
fect. This result may be enhanced by including an outer 
notch 100 in the outer wall portion of the gripping ring 
80. The particular geometry of the gripping ring 80 will 
thus be designed so that as the nut 52 is threaded onto 
the body 54, the gripping ring hinges and plastically de- 
forms to grip the tube end and to seal both against the 
tube end and the tapered camming mouth 88. Standard 
design procedures such as Finite Element Analysis may be 
used to optimize the geometry of the ring 80 based on 
variable factors such as the tubing material, tubing hard- 
ness and wall thickness, and required pressure, tempera- 
ture and vibration performance characteristics. 
[0037] proper deformation of the gripping ring 80 may further be 
controlled by selecting an appropriate contour for the ta- 
pered surface 88. This surface engages the tapered nose 



of the ring 80 and therefore will in part determine the 
timing and manner of how the ring 80 hinges, compresses 
and plastically deforms to properly embed the nose por- 
tion to bite into the tubing and also provide the desired 
collet or swaging action. Furthermore, the contour of the 
camming surface 88 may be designed to achieve the de- 
sired seal between the ring 80 nose portion and the ta- 
pered surface 88. This seal is important to the overall 
performance of the fitting, as is the seal provided between 
the gripping ring 80 and the tube end 13. 

[0038] The nut 52 with its integral gripping ring 80 may be man- 
ufactured by standard machining operations, and will typ- 
ically include a trepan operation to form the outer contour 
of the ring 80, such as the second notch 100 for example. 
The other features of the nut 52 can be realized with well 
known machining operations. Preferably but not necessar- 
ily the nut 52 includes wrench flats 102 to permit the user 
to tighten the nut 52 onto the body 54. Those skilled in 
the art will readily appreciate that use of the fitting 50 
only requires relative rotation between the nut 52 and the 
body 54, such that either component or both may be ro- 
tated as required during a pull-up operation. 

[0039] we have found that it is highly desirable for the camming 



surface 88 to form a camming angle 0 of about 35 de- 
gree-60 degree relative to the longitudinal axis X of the 
fitting 50 and tube end 13. More preferably the angle 6 of 
the camming surface 88 should be 40 degrees - 50 de- 
grees, and most preferred the angle 6 should be about 45 
degrees. This range of angles for the camming surface 88 
differs dramatically from known metal tube fitting de- 
signs. Commonly used tube fittings have camming surface 
angles in the range of 10 degrees - 25 degrees, which is a 
substantially shallower angle compared to the present in- 
vention. The shallower camming angle is necessary in 
prior art fittings to have the ferrule slide a greater axial 
distance along the camming surface because some prior 
art ferrules did not have a high differential hardness. The 
shallower camming angle provides a gradual ramp or me- 
chanical advantage to convert axial nut load against the 
ferrule into amplified load of ferrule front end radially into 
the tube. This greater sliding action permits the tube 
gripping device to be more gradually radially deformed 
into the tube end to form a gripping action or bite on the 
tube. This greater sliding action also permits a gradual 
digging of the ferrule front end into the tube and plowing 
up an accumulation of deformed tubing material. Prior 



tube fittings that included what might appear to be a 
steeper camming angle actually either rely on a shallow 
portion of the camming surface or do not produce a bite 
in the tubing, thereby limiting the pressure resistance of 
the fitting. The shallow camming angle of the prior art, 
however, compromises the ability of a single ferrule to 
form a dependable seal and moreover necessitated a fer- 
rule front portion that was not particularly strong because 
the nose of the ferrule had to be similarly tapered to slide 
into the shallow camming mouth. In sharp contrast, the 
present invention utilizes a substantially steeper camming 
surface angle 0, which permits the gripping ring nose 
portion 84 in effect to be coined into the camming surface 
88 without a substantial sliding action, thereby forming 
an excellent seal. Those skilled in the art will appreciate 
however that the steeper camming angle is optional and 
not required in all applications, particularly for applica- 
tions in which a strong seal such as against gas is not re- 
quired. 

[0040] | n the exemplary embodiments herein, the nose portion 
84 includes the radius portion 89 that transitions to the 
outer tapered surface 86. This outer surface 86 tapers 
generally at an angle that is not as steep as the angle of 



the camming surface 88. The tapered outer surface 86 
preferably tapers axially with an increasing radial dimen- 
sion towards the back end of the gripping ring 80. This 
tapered outer portion 86 and/or radius portion 89 con- 
tacts the camming surface 88 with, in effect, a generally 
narrow zone or line contact upon pull-up that has high 
stress and material coining to allow the front end of the 
gripping ring 80 to coin into the camming surface 88. The 
term "generally narrow line contact" is not intended to 
preclude an additional area of contact between the outer 
tapered surface 86 and the camming surface 88, but ap- 
plies more generally to the concept of a localized contact 
zone near or at the innermost extent of the camming sur- 
face 88 of high stress and material coining between the 
outer tapered surface 86 and/or radius portion 89 against 
the camming surface 88. By "coin" is simply meant that 
the gripping ring 80 achieves a good metal to metal seal 
against the camming surface 88 by forming a generally 
narrow circumferential line contact of metal burnished on 
metal to effect a gas tight primary seal. 
[0041] it js important to note that the use of a particular cam- 
ming angle is not dependent necessarily on the contour of 
the surface 88. In other words, the angle of interest is the 



angle at which the front end of the gripping ring 80 con- 
tacts the camming surface 88 to form a seal thereat. Thus, 
the camming surface 88 may indeed be made with a non- 
frusto-conical contour, such as the convex shape illus- 
trated in FIGS. 1 and 2, but the seal is still formed by the 
front end of the gripping ring 80 contacting a steep an- 
gled surface 88. The additional compound angles or con- 
tours of the camming surface 88 may be used to better 
facilitate the hinging action and tube bite achieved by the 
gripping ring 80. 
[0042] whether the camming surface 88 is formed as a com- 
pound angled surface with additional angled portions that 
are steeper or shallower to facilitate the hinging action 
and bite of the gripping ring 80 into the tube end 13, in 
accordance with this aspect of the invention, the sealing 
portion of the front end of the gripping ring 80 (in the ex- 
emplary embodiments the radius portion 89) forms the 
primary seal on a steep angled portion of the camming 
surface 88, preferably a steep angled portion in the range 
of angle 9 of about 35 degrees - 60 degrees relative to 
the longitudinal axis X of the fitting 50 and tube end 13, 
more preferably the angle Oof the camming surface 88 
should be 40 degrees - 50 degrees, and most preferred 



the angle 8 should be about 45 at the location where the 
primary seal is to be formed. Preferably although not nec- 
essarily this primary seal is effected by a line contact type 
engagement between the front end of the gripping ring 80 
and the camming surface 88. 
[0043] T ne steeper camming surface angle has the additional 

benefit that the nose or front portion of the tube gripping 
device 80 may be formed with substantially more mass as 
compared to if the front portion had to engage a shal- 
lower camming surface angle as in the prior art single fer- 
rule and gripping ring designs. This added mass, along 
with the hinging action, tends to position a substantially 
greater mass of material at or near the location of the 
tube bite 94. This significantly strengthens the tube grip- 
ping device in resisting pressure and also strengthens the 
collet effect that isolates the bite from vibration and tem- 
perature effects, as contrasted to prior art single ferrule or 
gripping ring designs. The greater mass at the forward 
portion of the ferrule along with the differential hardness, 
has the added benefit of allowing a positive rake angle 
y(Fig. 13A) to help the front edge of the ferrule indent into 
the tube end. With the ferrule front end deforming to 
some extent as it embeds into the tube wall, a positive 



rake angle y is less likely to become greater than 90 de- 
grees. If the rake angle were to become greater than 90 
degrees it could tend to direct the ferrule front end out of 
its tube indent. The hinging action also prevents the back 
end of the tube gripping device (i.e. the end opposite the 
nose end 84) from contacting the tube end, so that the 
entire tube gripping device is in axial, radial and hoop 
compression. 

[0044] | n general, for a tube gripping device to embed into, bite 
and grip the tube end, the tube gripping device must be 
harder than the tube end. This is especially so for thick 
wall tubing. The greater axial movement of a ferrule in a 
shallow angle camming mouth of the prior art allows a 
ferrule to embed into a tube even when the ferrule is only 
moderately harder than the tube. Under these circum- 
stances if the tube gripping device 80 were only moder- 
ately harder than the tube end, the device would be un- 
able to adequately grip the tube for a steep angle cam- 
ming surface because of the substantially shorter axial 
movement of the tube gripping device during pull-up 
caused by the steeper camming angle. However, in accor- 
dance with the present invention, by making the tube 
gripping device significantly harder than the tubing, a 



steeper angle camming surface may be used and is effec- 
tive to cause the tube gripping device to adequately bite 
into the tube end to grip the tube. 
[0045] The steeper camming angle 0 of the present invention 
also results in a much shorter distance of axial displace- 
ment of the ring 80 during pull-up. Consequently, the 
nose portion 84 will need to be radially deformed and 
compressed into the tube end 13 with a much shorter ax- 
ial displacement or sliding movement. In order to achieve 
the proper tube grip then, the gripping ring 80 is prefer- 
ably case hardened to a hardness of at least about 3.3 
times on the Vickers scale the hardness of the tubing ma- 
terial. For example, if the tubing material is stainless 
steel, it may exhibit a hardness of up to about 200 Vick- 
ers. Therefore, in accordance with this aspect of the in- 
vention, when the fitting 50 is used with such hard mate- 
rials, the tube gripping device should be hardened to a 
ratio of at least about 3.3 times as hard as the tubing, 
^re preferred, the tube gripping device should be hard- 
ened-to a ratio of at least 4 times as hard as the tubing. 
Still further, the entire gripping ring 80 need not be case 
hardened, but rather only the nose portion 84 may be se- 
lectively case hardened. 



[0046] | n accordance with this aspect of the invention, all or part 
of the nut 52 and body 54 may be through hardened or 
case hardened to increase the tube grip of the fitting 50 
when used with harder tubing materials such as stainless 
steel. Suitable case hardening processes are fully de- 
scribed in United States Patent Nos. 6,547,888, 
6,461,448, 6,165,597 and 6,093,303 issued to the as- 
signee of the present invention, the entire disclosures of 
which are fully incorporated herein by reference. These 
processes produce a hardness of the tube gripping device 
of about 800 to 1000 Vickers or higher without compro- 
mising the corrosion resistance of the fitting. Other case 
hardening techniques however may be used as required. 
Case hardening of the tube gripping ring 80 allows the 
ring 80 to adequately grip and seal against tubing materi- 
als such as stainless steel including duplex stainless steel. 
The above referenced case hardening patents have an ad- 
ditional benefit of providing surfaces on the ring 80 that 
reduce or prevent galling between the ring 80 (which ro- 
tates with the nut 52) and the tubing. 

[0047] various lubricants may also be used with the tube grip- 
ping ring 80 to reduce galling and residual torsion such 
as, for example, PTFE greases, and greases containing 



molybdenum disulphide or tungsten disufphide. 

[0048] case hardening techniques typically will result in the en- 
tire nut 52 and integral tube gripping ring 80 to be case 
hardened. When the case hardening is performed on 
stainless steel, for example, as in the above referenced 
patents or patent application, an adherent oxide skin is 
formed. In another embodiment of the invention, a solid 
lubricant may be applied to the threads of the stainless 
steel nuts 52 to reduce friction and the hence pull-up 
torque during tightening. Any solid lubricant can be used 
for this purpose and many such solid lubricants are well 
known. A few examples are graphite, molybdenum disul- 
fide, tungsten disulfide and UHMWPE (ultra high molecular 
weight polyethylene). These lubricants can be used neat, 
i.e. not combined with another material, or mixed with 
another material such as a resinous carrier or the like. In 
addition, they can be used in essentially any solid form 
including powders, granules and pastes. 

[0049] solid lubricants of this type are well known commercial 
products. Examples include Dow Corning® 321 Dry Film 
Lubricant available from Dow Corning Corporation of Mid- 
land, Michigan and Slickote®Dry Lube 100 available from 
Trans Chem Coatings, of Monrovia, California. 



[0050] These lubricants can be applied by any standard method 
such as by hand, by aerosol or air spraying or by auto- 
matic equipment. Any coating thickness can be used 
which will provide lubricating properties. Solid lubricant 
thickness exceeding standard class 2 thread clearances 
are usually not required. If appropriate, the lubricant can 
also be heated to enhance its adhesion. For example, 
some lubricants, especially those supplied in a resinous 
binder, can be heated to effect cure of the binder. For ex- 
ample, Slickote®Dry Lube 100 can be heated following 
manufacturer"' instructions to 300 degrees F for 1 hour, 
for example. 

[0051] | n a particular embodiment of the invention, a dry lubri- 
cant as described above is used on stainless steel nuts 52 
which have been subjected to low temperature carburiza- 
tion using carbon monoxide as the carbon source. Stain- 
less steel is stainless because of the thin, coherent 
chromium oxide film which inherently forms when the 
steel is exposed to air. Low temperature carburization of 
stainless steel parts, such as those made from AISI 316 
and 316L stainless steel, usually leaves the part surfaces 
coated with some to a slight amount of soot. Before use 
this soot is usually removed by washing. When carbon 



monoxide is used as the carbon source in low tempera- 
ture carburization, not only can soot form but in addition 
a heavy oxide film also forms. This heavy oxide film is 
considerably different from the coherent chromium oxide 
film which makes stainless steel stainless in that it is 
thicker and evidently not passive. Typically this film is also 
removed before use to uncover the part" 1 carburized sur- 
face. In accordance with this particular embodiment, this 
heavy oxide film is not removed before application of the 
solid lubricant. Rather, it is left on the carburized part 
surfaces, or at least the portions of the carburized sur- 
faces to be lubricated. In accordance this particular em- 
bodiment, it has been found that the naturally porous 
structure of this heavy oxide skin acts as an anchor for 
binding the lubricant to the part surfaces. As a result, the 
lubricant is more adherent than would otherwise be the 
case, and hence is able to withstand repeated fitting re- 
makes (i.e., loosening and re-tightening of the nut) with- 
out being removed. Other aspects of the lubricated oxide 
film is described in co-pending United States patent ap- 
plication serial no. 10/358,946 filed on February 5, 2003 
for LUBRICATED LOW TEMPERATURE CARBURIZED STAIN- 
LESS STEEL PARTS the entire disclosure of which is fully 



incorporated herein by reference. 
[0052] with reference to FIGS. 5 and 6, in another embodiment of 
the invention, the fitting 50' 'includes a nut 52 that may 
be the same as the nut previously described hereinabove. 
The body 54' has been modified as follows. In this case, 
the body rear end wall 110 has been axially extended. A 
transition contour 112 may be used to join the end wall 
110 to the axially tapered camming mouth 88. All other 
aspects of the fitting 50' may be the same as the fitting 50 
as described with reference to FIGS. 1-4. The extended 
axial length of the end wall 110 causes the nut inner 
shoulder or trepan 114 to axially contact the body end 
wall 110 before the forward wall 66 of the nut engages 
the body end wall 68. This is illustrated in the pulled-up 
position of FIG. 6. In other words, the self-gauging fea- 
ture has been located at the rearward portions of the nut 
and body and only requires close tolerance control in the 
trepan area and axial length of the body rear end wall 
110, whereas in the embodiment of FIGS. 1 and 2, more 
dimensions and tolerances are involved in insuring accu- 
rate self-gauging due to a greater number of tolerance 
stack- ups. 

[0053] | n accordance with the invention, a single ferrule tube fit- 



ting is also contemplated. The single ferrule tube fitting 
will be designed with many of the same concepts and ad- 
vantages achieved with the integral nut and tube gripping 
device design (and vice-versa) described herein (wherein 
now the single ferrule is the tube gripping device), partic- 
ularly but not limited to the various optional features of 
hinging, tube bite, collet or swaging effect, contoured 
back wall, tapered outer wall with an optional concavity, 
optional use of an inner notch or recess, line contact at 
the camming surface, radially spaced back end after pull- 
up and high differential hardness ratio when compared to 
the tube end. Therefore, those benefits will not be re- 
peated in detail, it being recognized that the integral nut 
and tube gripping ring functions much like the single fer- 
rule embodiment herein but with the ferrule being integral 
with the female threaded nut. 

[0054] FIGS. 7, 7A and 8 illustrate a single ferrule tube fitting 181 
embodiment of the invention. In this example, the ferrule 
180 is a separate part, thus providing a three piece tube 
fitting 181 including a nut 182, body 184 and the single 
ferrule 180. This fitting is particularly although not exclu- 
sively well -suited for use with stainless steel tubing. 

[0055] The body 184 includes an angled camming surface 186 



that is preferably in the range for angle 0 described here- 
inabove and most preferably about 45 degrees. The single 
ferrule 180 is also preferably case hardened to about a 
Vickers hardness of 800 or greater, or at least about 3.3 
times as hard as the tube end 13. The front portion 188 of 
the ferrule includes a radius transition 190 that contacts 
the steep angled camming surface 186 during pull-up of 
the fitting to form a line contact-type primary seal against 
the steep angled camming surface 186. The front portion 
188 of the ferrule includes a generally radial front end 
surface 188a with a forward sharp edge 192 of the ferrule 
that bites into the outer surface of the tube end 13. The 
ferrule is plastically deformed and produces a generally 
radially extending shoulder 194 at the location of the tube 
bite. The ferrule 180 exhibits a hinging effect as de- 
scribed hereinbefore with respect to the tube gripping el- 
ement 80 so that a central part or mid-portion 196 of the 
ferrule body undergoes a radially inward compression to 
collet or swage at or near the tube bite 194. The particular 
geometry of the ferrule may be selected as required to fa- 
cilitate the hinging action and tube gripping bite and col- 
let action as described hereinbefore and also as described 
in the above incorporated patents on the two ferrule fit- 



ting. The ferrule 180 may be provided with an inner cir- 
cumferential notch or recess 198 to facilitate the hinging 
effect, as well as a tapered outer wall 200 as described 
hereinabove. The ferrule 180 includes a back tapered wall 
202 that is driven by the nut shoulder 204 during pull-up. 
The ferrule 180 also includes a central longitudinal and 
substantially cylindrical bore portion 206 that is axially 
between the front end 188a and the recess 198. Prefer- 
ably, the tapered nose portion 208 is angled so as to re- 
main out of contact with the camming surface during 
pull-up to facilitate the formation of a line contact pri- 
mary seal. 

[0056] The cylindrical bore portion 206a that is axially between 
the back end 202 of the ferrule and the recess 198 may 
be the same diameter or a different diameter as the for- 
ward cylindrical portion 206. Furthermore, the hinging ef- 
fect may be realized such that the back end portion 206a 
of the inner cylindrical bore remains radially spaced from 
and out of contact with the tube end 13 after pull-up. 

[0057] The single ferrule 180 is through or case hardened to be 
at least about 3.3 times as hard as, and more preferably at 
least about 4 times as hard as, the tube end 13. The 
aforementioned patents on case hardening may be re- 



ferred to for suitable processes although other processes 
may be used as required. 

[0058] The single ferrule fitting 181 thus provides excellent tube 
grip and seal functions compared to prior art single fer- 
rule fitting designs by utilizing the steeper camming sur- 
face angle for the metal to metal seal, substantially harder 
ferrule compared to the tubing, and strong tube grip bit- 
ing action. The substantially harder ferrule, as compared 
to the tubing hardness, allows excellent tube grip even 
with the steeper camming angle, while the steeper cam- 
ming angle facilitates the metal to metal seal. 

[0059] The invention as described hereinabove contemplates a 
number of aspects and features which may be applied to 
either or both the single ferrule and integral tube gripping 
ring embodiments that facilitate the principal although 
not exclusive performance characteristics of sealing and 
tube grip. For example, another performance characteris- 
tic that may be important in some applications is ability of 
the tube fitting to withstand temperature effects. Other 
criteria may include manufacturing cost, ease of assembly 
and assembly verification. The present invention provides 
the designer with a variety of aspects and concepts for 
designing a tube fitting that will meet the performance re- 



quirements of a particular application or range of applica- 
tions. These different design aspects include various op- 
tions on geometry and characteristics of the material of 
the tube gripping device (be it the single ferrule or inte- 
gral tube gripping ring) as well as optional aspects of the 
tube fitting components such as the threaded male body 
and female nut of the exemplary embodiments. No single 
aspect or feature of the invention or combinations thereof 
is absolutely necessary in all designs, and as an example 
the present invention may well find application in tube fit- 
tings that do not utilize a threaded coupling between the 
tube fitting first and second components that make up the 
fitting. In a broad sense therefore, the present invention 
provides a single ferrule (integral or separate) tube fitting 
that, unlike prior art single ferrule tube fittings, achieves 
tube grip and sealing by incorporating a toggle-like hing- 
ing action as the ferrule plastically deforms during pull-up 
resulting in a colleting effect produced by a radial com- 
pression of a central portion of the ferrule against the 
tube end. This hinging action thus produces preferably al- 
though not necessarily in all applications a convex portion 
of the ferrule that is radially compressed against the tube 
end (whereas in the prior art single ferrule tube fittings 



the ferrule concavely bowed away from the tube end. The 
hinging and colleting effects allow for adequate tube grip 
even against harder tubing materials with a shorter cam- 
ming stroke or axial displacement of the ferrule during 
pull-up, thus also assuring an adequate seal against the 
camming surface. 
[0060] The various aspects and options available to the designer 
in accordance with the invention to achieve the desired 
tube grip and seal include but are not limited to the fol- 
lowing. One aspect is the use of a steeper camming angle 
8 as set forth hereinabove. Another aspect is the use of 
hardening techniques, such as the exemplary processes 
described hereinabove, so that the ferrule/gripping ring is 
at least about 3.3 times as hard as the tubing on the Vick- 
ers scale. The hardening may be case hardening or 
through hardening over part or all of the surface of the 
tube gripping device/ferrule. Still another aspect is the 
appropriate geometry of the ferrule/gripping ring to pro- 
duce a hinging function or effect during pull-up of the fit- 
ting as described hereinabove so as to assure proper nose 
indentation into the tubing wall with a colleting or swag- 
ing effect axially behind the indentation. The ferrule/tube 
gripping device may be designed to bite into the tube 



end, as is typical in higher pressure applications, or to be 
radially compressed against the tube end, as is typical 
with thin walled tubing or softer tubing. The geometry 
considerations may include use of an inner notch/recess 
or concavity, use of an outer tapered wall with or without 
a concavity, and use of a contoured back wall, such as for 
example a convex surface. Additional geometry features 
may include the use of a radius portion to engage the 
camming surface with a generally line contact for effecting 
a strong seal as well as indenting the front edge of the 
ferrule into the tube wall to create a strong bite and tube 
grip. Another aspect is to design a hinging action whereby 
a rearward portion of the ferrule remains radially spaced 
from the tube end after a completed pull-up. This helps 
prevent the creation of a stress riser or region that would 
be otherwise susceptible to vibration effects down the 
tubing. Still another aspect is providing a difference angle 
between the drive surface of one of the tube fitting com- 
ponents and the associated ferrule driven surface, such as 
for-example where the nut presses against the back end 
of the ferrule. The difference angle facilitates a proper 
hinging action to effectively collet the ferrule against the 
tube end and also facilitates the radial spacing of the fer- 



rule rearward portion from the tube end. 

[0061] Those skilled in the art will thus appreciate that the inven- 
tion significantly adds to the state of the art of single fer- 
rule tube fittings, particularly for the exemplary embodi- 
ment that combines the options of a steeper camming an- 
gle, differential hardness and the hinging action. These 
three aspects work together to result in a single ferrule 
tube fitting that exhibits good sealing and tube grip char- 
acteristics, unlike prior art single ferrule tube fittings. 
Moreover, in many applications the use of the hinging ac- 
tion and differential hardness alone will suffice. 

[0062] we have found that for some applications of the single 

ferrule 180 (and hence also the integral tube gripping ring 
embodiments), particularly although not exclusively for 
1/2 inch tubing and larger or for very hard tubing, the in- 
ner notch 198 is not required. In smaller tubing the inner 
notch may also be omitted for some applications, al- 
though in such cases proper hinging of the ferrule may be 
more difficult to achieve without the notch due to the 
higher rigidity of the smaller ferrules. 

[0063] jhe hinging action is especially useful for applications 
when the tubing material is hard such as, for example, 
duplex stainless steel, so that the ferrule must be case 



hardened sufficiently to allow the ferrule nose to indent 
into the tubing wall. The harder the ferrule is made, the 
more difficult it is to deform the ferrule in a suitable man- 
ner to assure proper tube grip and seal. The hinging ac- 
tion allows the ferrule to properly deform and grip the 
tubing. For softer tubing materials such as copper for ex- 
ample, the steeper camming angle 8 alone may be ade- 
quate to assure tube grip and seal. 
[0064] as noted hereinabove, the hinging action may be effected 
by a variety of design options which may be used alone or 
in any number of various combinations and sub- 
combinations. One of those options is the inner notch or 
recess as noted. Another option is the tapered outer wall 
200. Still further, the back end 202 of the ferrule may be 
contoured as explained in the "963 patent, such as with a 
convex shape, as distinguished from the straight conical 
profile illustrated in Figs. 7 and 7A hereof. Using a convex 
contour with the ferrule back end 202 (or alternatively a 
contoured drive face 204 of the nut 182 or both) reduces 
galling and pull-up torque by more evenly distributing the 
reaction forces between the ferrule and the nut. Those 
skilled in the art will readily appreciate that the contoured 
back end may take on many different shapes, such as for 



example are described in International patent application 
no. PCT/US00/34828 filed on December 20, 2000 for 
FERRULE WITH RELIEF TO REDUCE GALLING, and its corre- 
sponding United States patent application serial no. 
09/469,549 filed on December 22, 1999 (pending issue) 
for FERRULE WITH RELIEF TO REDUCE GALLING the entire 
disclosures of which are fully incorporated herein by ref- 
erence. The teachings of the these applications are not 
needed for an understanding and practice of the present 
invention, but rather provide additional alternative design 
configurations of a contoured back wall and other geome- 
try considerations for the hinging operation, either for the 
rear ferrule of a two ferrule tube fitting, or a single ferrule 
tube fitting. The contoured back wall also facilitates a 
hinging action whereby the back end of the ferrule may be 
radially spaced from the tubing after pull-up as set forth 
hereinabove. Preventing contact between the ferrule back 
end and the tubing wall prevents a stress riser that could 
be susceptible to deleterious vibration effects. 
[0065] with reference to Fig. 13, in another embodiment of the 
invention, a single ferrule tube fitting 300 is illustrated in 
partial longitudinal half cross-section in a loosely assem- 
bled condition on a tube end 13. In the drawing, as in the 



other drawings, various gaps and spaces are exaggerated 
for clarity and ease of understanding, as will be readily 
apparent to those skilled in the art. 

[0066] The fitting 300 includes a ferrule 302, a body 304 and a 
nut 306 that is joinable to the body 304, such as for ex- 
ample by a conventional threaded connection therebe- 
tween. The body 304 includes a steep camming surface 
304a as set forth hereinabove. In this embodiment, the 
ferrule 302 is a generally cylindrical device and made of 
any of the above-described exemplary materials and case 
hardening processes so as to preferably but not required 
in all cases have a differential hardness of at least about 
3.3 times the hardness of the tubing material on the Vick- 
ers scale. The ferrule 302 includes a central bore through 
which the tube end 13 passes. The bore is defined by a 
substantially continuous cylindrical wall 308 that extends 
from a nose or forward portion 310 of the ferrule to a 
back or rearward end 312. The nose portion 310 may in- 
clude a front edge 314 that joins to a tapered portion 316 
by a radius portion 318. 

[0067] The ferrule 302 in this exemplary embodiment further in- 
cludes an outer wall 320 that may optionally have a 
crease, recess or notch or other concave form 322. This 



outer concave form 322 in this case is formed by a gener- 
ally cylindrical wall portion 320a and an axially tapered 
wall portion 320b. The concave form 322 is similar in 
function to the tapered wall 200 of the embodiment of 
Fig. 7 hereof, and may be used to facilitate the radial in- 
ward compression of the ferrule 302 during pull-up to 
achieve the desired hinging operation that produces the 
indented nose 314 (and resultant stress riser) and collet 
region axially behind the indentation. 
[0068] jhe ferrule further includes a contoured back wall 324. 
The contoured back wall 324 in this example may be in 
accordance with the teachings of the above-incorporated 
patent and patent applications, or as shown herein in- 
cludes a generally straight conical portion 324a that joins 
to a radius or other convex shape 324b at the radial outer 
end of the back wall. By having the initial contact of the 
ferrule 302 and nut 306 along a contoured surface and 
radially spaced from the tube end 13, there is less galling 
during pull-up and lower torque needed for final assem- 
bly. This configuration also facilitates having the back end 
312 of the ferrule radially spaced from the tube end after 
pull-up (see Fig. 14) as a result of the desired hinging op- 
eration. 



[0069] As illustrated in larger scale in Fig. 13A, the ferrule back 
wall 324 generally has a contour convex shape so as to 
form an included angle preferred to herein as a difference 
angle) formed between a tangent Z to the outermost con- 
vex region of the surface 324 and the drive surface 306a 
of the nut. Thus, the form of the convex contoured sur- 
face 324 may be selected as needed for a particular appli- 
cation. Preferably the nut surface 306a initially contacts 
the convex surface 324 at a location that is radially 
spaced from the tube end. Although in the embodiment of 
Fig. 13A the initial contact is near or at the radial distal 
portion of the surface 324, such is not required. The ini- 
tial contact for example could be more in the central re- 
gion of the surface 324. 

[0070] The use of one or more of the aspects including the con- 
toured back wall 324, the difference angle P and the outer 
wall 320 (such as with a tapered portion and a concavity) 
facilitate the hinging action that produces a strong tube 
bite and colleting, as well as leaving the back end of the 
ferrule radially spaced from the tube end after pull-up of 
the fitting. 

[0071] yh e forward portion 310 of the ferrule 302 includes the 
front edge 314 that preferably although not necessarily 



bites and indents into the tubing wall during pull-up. The 
forward end 310a of the ferrule extends generally radially 
from the front edge 314 at an angle y which is the in- 
cluded angle formed with the central axis X of the fitting 
300. The angle y will depend on the overall design criteria 
for the fitting in each application, but this angle is impor- 
tant in achieving a strong bite into the tubing wall for a 
given axial stroke of the ferrule during pull-up beyond 
finger tight position. In most cases the angle will be in the 
approximate range of about 75 degrees to about 85 de- 
grees. 

[0072] Although the back end 312 of the ferrule 302 preferably is 
radially spaced from the tubing after pull-up, such may 
not be required in all applications. For those applications 
in which such spacing is required, another alternative is to 
form a recess such as a counterbore 313 (shown in phan- 
tom) in the back end 312 of the ferrule. 

[0073] The hinging action for the invention and for all embodi- 
ments herein can be further understood with reference to 
Fig. 14. The hinging action, as distinguished from a bow- 
ing or concave deformation of the ferrule typical in the 
prior art single ferrule fittings, preferably involves a dual 
rotation effect represented by the directional arrows CI 



and C2 in Fig. 14. The back end 312 of the ferrule rotates 
in a generally clockwise direction (herein the terms clock- 
wise and counter-clockwise are used for a convenient ref- 
erence based on the illustrated orientation of the drawing, 
rather than any required actual direction of rotation) or 
away from the tube end 13, while the nose portion 310 
rotates in a generally counter-clockwise direction after the 
nose tip 314 contacts the tube 13 (i.e. opposite to the ro- 
tation direction of the back end 312). This rotation of the 
nose portion thus contributes to the radial compression of 
a central portion 326 of the ferrule that is axially behind 
the indented nose portion 310. By "central portion" is 
meant a region that is between the front end and the back 
end of the ferrule and need not be in the middle of the 
ferrule. Rather, the central portion as used herein is that 
portion of the ferrule body that is radially compressed 
against the tube wall axially behind the indented front 
end. This radial compression produces the desired collet- 
ing or swaging effect of a portion 308a of the inner cylin- 
drical wall 308 axially behind the indented front end 314. 
The length of the collet region 308a will vary depending 
on the overall design characteristics of the tube fitting and 
performance requirements. The collet region 308a is axi- 



ally behind the indented front edge but the precise loca- 
tion where the colleting begins is a matter of design 
choice so that it may be located adjacent to the indented 
nose and associated stress riser or may be axially spaced 
therefrom or contiguous with, to name a few examples. 
The collet region 308a as illustrated may also be charac- 
terized as a convex radial portion that compresses into 
the tubing wall in that the hinging operation preferably 
produces such a convex deformation of the cylindrical 
wall 308 during pull-up. Such an effect is readily distin- 
guished from prior art fittings in which the ferrule either 
bowed concavely away from the tubing or for those fer- 
rules that were through hardened would remain generally 
cylindrical in shape. 
[0074] T ne d ua | rotation hinging operation is thus facilitated by 
the use of one or more of the various geometry features 
of the ferrule, including but not limited to the use of a 
contoured back wall of the ferrule, inclusion of a differ- 
ence angle between the ferrule and the drive nut, and a 
concavity in the outer wall. Thus, those skilled in the art 
may select the best geometry features for the ferrule for a 
particular application to facilitate the use of a steep cam- 
ming angle, and optionally the differential hardness of the 



ferrule. 

[0075] we have found that a desirable collet result is one in 

which the compressive colleting stress acting normal to 
the tube surface gradually and generally decreases along 
the collet region from the location of the indented front 
end of the ferrule back along the interior wall 308. The 
desired collet effect is preferred in applications where it is 
desired to reduce or eliminate stress risers resulting from 
metal deformation during pull-up. By providing a gener- 
ally decreasing colleting stress along the colleting zone 
308a, stress concentration regions near the trailing edge 
of the colleting zone opposite the indented nose can be 
reduced or eliminated. 

[0076] Fjg S . i5A, B and C illustrate different thread options for 
the threaded coupling between the nut 306 and body 304. 
Fig. 15A illustrates conventional 30° from normal (i.e. 60 
degrees included angle) symmetrical thread flanks 350 
and 352. Fig. 15B illustrates the optional use of a buttress 
thread design in which the thread flanks are asymmetrical 
with one flank 350 typically in the range of about 45 de- 
grees and the adjacent flank in the range of about 3 de- 
grees to about 7 degrees from normal. The buttress 
thread design provides high strength loading on one side 



to help reduce flaring of the nut during high torque as- 
sembly and in high pressure applications. Fig. 15C illus- 
trates the use of acme threads wherein the flanks again 
are symmetrical but of a steeper angle such as about 3 
degrees to about 7 degrees from normal. The acme thread 
design provides higher strength loading uniformly com- 
pared to the conventional 60 degrees threads. 

[0077] a s noted above, no single aspect or feature of the inven- 
tion or combinations thereof is absolutely necessary in all 
designs, and as an example the present invention may 
well find application in tube fittings that do not utilize a 
threaded coupling between the tube fitting first and sec- 
ond components that make-up the fitting. In this regard, 
Figs. 16-18 illustrate additional embodiments in which a 
fitting is secured by a clamped coupling rather than by a 
threaded coupling. 

[0078] j ne clamped coupling includes a clamp ring 360 (Fig. 16) 
for exerting an axially directed clamping force. The clamp 
ring 360 may be generally of the type known as a bolted 
split clamp assembly. Other non-threaded couplings may 
also be used as required. 

[0079] jhe clamp ring 360 has an annular configuration extend- 
ing around an axis 362 of the tube 364 and body 366 be- 



ing coupled. The clamp ring 360 has a central portion 368 
from which first and second clamping ears 370 and 372 
extend radially inward. The clamping ears 370 and 372 
have tapered surfaces 374 and 376, respectively, which 
face each other. 

[0080] The fitting shown in Figs. 16 and 17 includes an end piece 
378 that has a main body portion 380 and a ferrule or 
gripping ring 382 that is formed as one piece with the 
main body portion. The end piece 378 and the ferrule or 
gripping ring 382 cooperate with the body 366, in a man- 
ner described above, to seal with and to grip the tube 
364. Thus, the gripping ring 382 extends in a somewhat 
cantilevered fashion from the end piece 378. The gripping 
ring 382 is engageable with a steep camming surface 383 
on the body 366, preferably a 45 degree camming sur- 
face, to cam it into engagement with the tube 364. The 
gripping ring 382 may be hardened to have a differential 
hardness of a least about 3.3 times the hardness of the 
tube 364 on the Vickers scale. The gripping ring may have 
an-outer notch or recess to facilitate radial inward com- 
pression during make-up to achieve the desired hinging 
operation. The various geometry characteristics of the fit- 
ting, such as the range of camming angles, are selected to 



effect an appropriate radially inward hinging action of the 
gripping ring with a dual rotation upon make-up of the 
fitting. It should be understood, however, that the 
clamped coupling of the present invention may be used 
with other gripping rings formed as one piece with a 
clamped coupling part, and with bodies having other 
camming angles, for example, and is not limited to fit- 
tings of the type shown above with reference to Figs. 
1-15. The clamped coupling is also usable with a two- 
ferrule system. 

[0081] The end piece 378 has a clamping flange 384 that 

projects radially outward from the main body portion 380 
of the end piece. The clamping flange 384 on the end 
piece 378 has a tapered outer surface 386. The body 366, 
similarly, has a clamping flange 388 that projects radially 
outward the same distance as the clamping flange 384 on 
the end piece 378. The clamping flange 388 on the body 
366 has a tapered outer surface 390. 

[0082] pig. 16 illustrates the parts of the clamped coupling in an 
undamped or starting condition. The tapered surface 374 
on the clamping ear 370 of the clamp ring 360 is in abut- 
ting engagement with the tapered surface 390 on the 
clamping flange 388 of the body 366 piece. The tapered 



surface 376 on the clamping ear 372 of the clamp ring 
360 is in abutting engagement with the tapered surface 
386 on the clamping flange 384 of the end piece 378. A 
stop surface 379 on the end piece 378 is spaced apart 
from a stop surface 367 on the body 366. 
[0083] when a radially directed force is applied to the clamp ring 
as illustrated by the arrows 392 in Fig. 17, the clamping 
surfaces 374 and 376 on the clamp ring 360 move radially 
inward, in a direction toward the axis 362. The taper of 
the surfaces 374 and 376 causes the end piece 378 and 
the body 366 to be drawn axially toward each other, as 
shown by the arrows 394. (In practice, one of the end 
piece 378 and the body 366 may, alone, move toward the 
other.) The relative axial motion between the end piece 
378 and the body 366 causes the gripping ring 382 to 
seal and grip between the body and the tube 364 in a 
manner as described above. Thus, the gripping ring 382 is 
plastically deformed and swaged into the tube 364 and 
also provides a fluid tight primary seal against the cam- 
ming surface 383 of the body 366. The forward end of the 
gripping ring 382 is compressed and embedded into the 
tube 364 to produce a generally radially extending wall or 
shoulder in the plastically deformed tube material. 



[0084] The clamping action takes place without any rotation of 
the clamp ring 360, the body 366, or the tube 364 about 
the axis 362. The stop surface 379 on the end piece 378 
engages the stop surface 367 on the body 366 to set the 
final position of the parts. The position of the clamp ring 
360 may be secured in a known manner, not shown, so 
that the parts can not unintentionally be separated. 

[0085] pig. 18 illustrates the use of the clamped coupling with a 
separate ferrule 396 and end piece 398, rather than with 
an integral gripping ring and end piece as shown in Figs. 
16 and 17. The separate ferrule 396 is used to grip and 
seal between a body 366 and a tube 364 as in the embod- 
iments described above, for example, the embodiment 
shown in Fig. 7. The ferrule 396 is disposed between the 
end piece 398 and the body 366. A clamp ring 360 is 
used in the manner described above with reference to 
Figs. 16 and 17 to draw the end piece 398 and the body 
366 closer together axially. As this relative axial move- 
ment occurs, the ferrule 396, which is captured between 
the end piece 398 and the body 366, is caused to grip and 
seal between the body and the tube 364, in the manner 
described above. Thus, the ferrule 396 is plastically de- 
formed and swaged into the tube 364 and also provides a 



fluid tight primary seal against the camming surface 383 
of the body 366. The forward end of the ferrule 396 is 
compressed and embedded into the tube 364 to produce 
a generally radially extending wall or shoulder in the plas- 
tically deformed tube material. 
[0086] Again, the various geometry characteristics discussed 

above, for example with respect to the range of camming 
angles, are selected to effect an appropriate radially in- 
ward toggle-like hinging action of the ferrule with a dual 
rotation upon make-up of the fitting. The gripping ring 
382 is engageable with a steep camming surface 383 on 
the body 366, preferably a 45 degree camming surface, to 
cam it into engagement with the tube 364. The gripping 
ring 382 may be hardened to have a differential hardness 
of a least about 3.3 times the hardness of the tube 364 on 
the Vickers scale. The gripping ring may have an outer 
notch or recess to facilitate radial inward compression 
during make-up to achieve the desired hinging operation. 
It should be understood, however, that the clamped cou- 
pling of the present invention may be used with other fer- 
rule systems, single- or multi-ferrule, and with bodies 
having other camming angles, for example, and is not 
limited to those illustrated herein. 
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